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HOIL 27/12 (2006.01) inner fin, the outer fin, and the isolation fin.
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1
ELIMINATING FIN MISMATCH USING
ISOLATION LAST

BACKGROUND

Semiconductor devices are used in a large number of
electronic devices, such as computers, cell phones, and
others. Semiconductor devices comprise integrated circuits
that are formed on semiconductor wafers by depositing
many types of thin films of material over the semiconductor
wafers, and patterning the thin films of material to form the
integrated circuits. Integrated circuits include field-effect
transistors (FETs) such as metal oxide semiconductor
(MOS) transistors.

One of the goals of the semiconductor industry is to
continue shrinking the size and increasing the speed of
individual FETs. To achieve these goals, fin FETs (FinFETs)
or multiple gate transistors are used in sub 32 nm transistor
nodes. FinFETs not only improve areal density, but also
improve gate control of the channel.

Unfortunately, as the fins of FinFETs become thinner and
thinner, the processing steps used to fabricate the FinFETs
may produce undesirable and unintended consequences. For
example, the outermost fins in a FinFET may bend or bow
outwardly after some thermal annealing processes such as
isolation oxide curing and consolidation due to the different
and non-balanced stress applied to the inner fins and outer
fins of a FinFET, which changes the fin pitch between fins
and degrades yield.

In addition, after etching and cleaning steps are performed
critical dimensions such as fin width of inner and outer fins
may vary due to environmental differences between inner
fins and outer fins. The non-uniformity and mismatch
between inner and outer fins will also degrade the electric
performance of the FinFET.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawing, in which:

FIG. 1 illustrates an embodiment fin field-effect transistor
(FinFET) including isolation fins capped with an isolation
oxide partially wrapped by an etch stop layer; and

FIG. 2 illustrates the embodiment FinFET of FIG. 1 with
a gate removed to better depict the isolation fins;

FIG. 3 illustrates a conventional FInFET where the iso-
lation fins have been removed and the STI region alone
isolates the first and second groups of fins from each other;

FIGS. 4-19 collectively illustrate an embodiment method
of forming the FinFET of FIG. 1 using an isolation last
technique and relative to the process of forming a conven-
tional FinFET; and

FIG. 20 illustrates a detailed process flow used to form the
FinFET of FIG. 1,

FIGS. 21-22 illustrate a conventional FInFET next to the
embodiment FinFET of FIG. 1 for comparison purposes;

FIG. 23A is a chart illustrating a leakage current relative
to various junction offsets;

FIGS. 23B-23D illustrate various offsets in a FinFET
device; and

FIG. 24 another chart illustrating a leakage current rela-
tive to offset distances.

Corresponding numerals and symbols in the different
figures generally refer to corresponding parts unless other-
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2

wise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the present embodiments are
discussed in detail below. It should be appreciated, however,
that the present disclosure provides many applicable inven-
tive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative, and do not limit the scope of the disclo-
sure.

The present disclosure will be described with respect to
embodiments in a specific context, namely a fin field-effect
transistor (FinFET). The disclosure may also be applied,
however, to other integrated circuits, electronic structures,
and the like.

Referring now to FIG. 1, an embodiment fin field-effect
transistor (FinFET) 10 is illustrated. As shown, the FinFET
10 includes a semiconductor substrate 12. The semiconduc-
tor substrate 12 may be bulk silicon, germanium, silicon
germanium, a silicon-containing material, silicon-on-insu-
lator (SOI), or another suitable semiconductor material. In
an embodiment, the semiconductor substrate 12 is a low-
doped p-type substrate.

The semiconductor substrate 12 generally supports a first
well 14 having a first doping type and a second well 16
having a second doping type. In an embodiment, the first
well 14 is a p-well and the second well 16 is an n-well.
However, the first and second wells 14, 16 and the semi-
conductor substrate 12 may be otherwise doped depending
on, for example, the desired characteristics or performance
of the FinFET 10.

Still referring to FIG. 1, a first group of fins 18 projects
upwardly from the first well 14 and a second group of fins
20 projects upwardly from the second well 16. In an
embodiment, the first group of fins 18 with p-well doping
will form an n-type channel FinFET in later process steps. In
an embodiment, the second group of fins 20 with n-well
doping will form a p-type channel FinFET in later process
steps. As shown, the first group of fins 18 includes four
active fins 22 and two isolation fins 24 (which may also be
referred to as dummy fins, and so on). Likewise, the second
group of fins 20 also includes four active fins 22 and two
isolation fins 24. While eight total active fins 22 and four
total isolation fins 24 are illustrated in the FinFET 10 of FIG.
1, it should be recognized that practical applications may
incorporate more or fewer active and/or isolation fins.

Because of their location within the FinFET 10, the active
fins 22 in the first group of fins 18 and the second group of
fins 20 may be referred to as either an inner fin 22/ or an
outer fin 220 depending on the location of the fin in the
group. As depicted in FIG. 1, the outer fins are located
immediately adjacent to the isolation fins 24 and the inner
fins are disposed inwardly of the outer fins. In an embodi-
ment, a height 26 of the inner fins and the outer fins is
generally the same. In contrast, a height 28 of the isolation
fins 24 is less than the height 26 of the inner and/or outer
fins.

Still referring to FIG. 1, a shallow trench isolation (STT)
region 30 is formed between each of the active fins 22 and
the isolation fins 24. In an embodiment, the STI region 30 is
formed from a spin-on-dielectric (SOD). In an embodiment,
a depth 32 of the STI region 30 (ak.a., isolation region,
isolation oxide, sacrificial oxide, etc.) is between about one
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hundred sixty nanometers and about two hundred nanome-
ters (160 nm-200 nm). In an embodiment, the depth 32 of the
STI regions 30 may be the same as the height 28 of the
isolation fins 24. Moreover, a top surface of the STI regions
30 and a top surface of the isolation fins 24 may be
co-planar.

In an embodiment, each of the isolation fins 24 includes
a body portion 34, an isolation oxide 36, and an etch stop
layer 38. As shown in FIG. 1, the body portion 34 of the
isolation fin 24 generally supports the isolation oxide 36 and
the etch stop layer 38 from below. In an embodiment, the
etch stop layer 38 is interposed between the body portion 34
and the isolation oxide 36. In an embodiment, the etch stop
layer 38 is also interposed between the STI region 30 and the
isolation oxide 36.

As shown, the etch stop layer 38 is generally disposed on
sidewalls and a bottom surface of the isolation oxide 36. In
addition, the etch stop layer is disposed on sidewalls of the
STI region 30 adjacent to the isolation oxide 36. Further, the
etch stop layer 38 is disposed on a top surface of the body
portion 34 of the isolation fin 24. In other words, the etch
stop layer 38 provides an interface between the body portion
34, the isolation oxide 36, and the adjacent STI regions 30.
Indeed, each of the isolation fins 24 is capped with the
isolation oxide 36, which is partially wrapped by the etch
stop layer 38.

Still referring to FIG. 1, the gate 40 is formed over the first
group of fins 18 and the second group of fins 20. In
particular, the gate 40 is formed over the active fins 22 (i.e.,
the inner fins 227 and the outer fins 220) and the isolation fins
24. As shown, a bottom surface of the gate 40 engages a top
surface of the isolation oxide 36 in the isolation fins 24.
Thus, the isolation oxide 36 of the isolation fins 24 is
generally encapsulated by a combination of the bottom
surface of the gate 40 and the etch stop layer 38. In an
embodiment, the depth 42 of the isolation oxide 36 is
between about thirty nanometers and about sixty nanometers
(30 nm-60 nm).

Unlike conventional FinFETs, the embodiment FinFET
10 of FIG. 1 includes at least one of the isolation fins 24
outside the outermost active fin 220 in each of the first group
of fins 18 and the second group of fins 20. Indeed, the
embodiment FinFET 10 in FIGS. 1-2 includes two of the
isolation fins 24 between the first and second groups of fins
18, 20 to provide isolation of the devices from each other
(the gate 40 has been removed in FIG. 2 for ease of
illustration). In contrast, and as shown in the conventional
FinFET 44 of FIG. 3, the dummy fins have been removed
between the first and second groups of fins 46, 48. As such,
the STI region 50 alone isolates the first group of fins 46
(e.g., the fins of an nMOSFET) from the second groups of
fins 48 (e.g., the fins of a pMOSFET) in the conventional
FinFET 44.

Referring now to FIGS. 4-19, an embodiment method of
forming the FinFET of FIG. 1 using an isolation last
technique is collectively illustrated relative to the process of
forming the conventional FinFET 44. Beginning with FIG.
4, a pad oxide 52 and then a pad nitride 54 are blanket
deposited over the semiconductor substrate 12. The pad
oxide 52 and the pad nitride 52 may be deposited using any
of a variety of suitable deposition processes (e.g., chemical
vapor deposition (CVD), physical vapor deposition (PVD),
and so on). Then, a first photo mask is used to etch the pad
nitride 54 into the pattern shown in FIG. 4. Thereafter, the
first photo mask is removed and the pad nitride 54, as
patterned, is used to etch the underlying semiconductor
substrate 12 to form a plurality of fins.
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Notably, none of the fins in FIG. 4 has been removed. In
other words, all of the fins, including those that will even-
tually serve as active fins 22 and those that will be used to
form the isolation fins 24 (see FIG. 1), are retained. As such,
the environment of all the fins is universally equivalent.
Indeed, there is no difference between the inner fins, the
outer fins, and those that will become the isolation fins 24.
In contrast, during formation of the conventional FinFET 44
of FIG. 3, all of the dummy fins are removed as shown in
FIG. 5.

Referring now to FIGS. 5-6, a flowable STI oxide is
deposited to fill the space between fins and form the STI
region 30. Then, chemical mechanical polishing (CMP)
process is employed to planarize the STI surface and to
remove the pad nitride 54 and the pad oxide 52. Indeed, the
pad nitride 54 may serve as a CMP stop layer. In general, a
thermal annealing will be applied to cure and consolidate the
flowable STI oxide material. Thereafter, a sacrificial oxide is
deposited over the fins and an ion implantation process is
performed in order to impart impurities to the fins and to
form the first well 14 and the second well 16 in the
semiconductor substrate 12 as shown in FIG. 7.

Referring now to FIG. 8, the sacrificial oxide is removed
and then a portion of the STI region 30 is etched away to
expose an upper portion of each of the fins. Thereafter, as
shown in FIG. 9, another pad oxide 52 is deposited over the
fins and the STI region 30. Next, as shown in FIG. 10, a hard
mask 56 (i.e., a bottom layer after lithography exposure and
development) is formed over the fins that will become the
active fins 22 depicted in FIG. 1. The patterns of the hard
mask 56 are defined by a mask.

Referring now to FIG. 11, the pad oxide 52 disposed over
the fins over those fins that will be used to form the isolation
fins 24 of FIG. 1 is removed. Thereafter, a portion of fins
exposed by removal of the pad oxide is recessed to form the
body portion 34 shown in FIG. 12. Once the body portion 34
has been formed, the hard mask 56 (see FIG. 10) is removed
as shown in FIG. 13. Next, as shown in FIG. 14, the etch
stop layer 38 is deposited over the pad oxide 52 on the active
fins 22, along sidewalls of the STI region 30 above the body
portion 34, and on a top surface of the body portion 34.

Thereafter, as shown in FIG. 15, the isolation oxide 36 is
deposited over the etch stop layer 38 and then cured. In an
embodiment, the isolation oxide 36 deposited using a flow-
able chemical vapor deposition (FCVD) process. Even so,
other suitable deposition processes may be used. Next, as
shown in FIG. 16, the isolation oxide 36 is planarized until
reaching the etch stop layer 38 on a top surface of the active
fins 22. In an embodiment, the isolation oxide is planarized
using a chemical mechanical polishing (CMP) process.

As shown in FIGS. 16-17, the isolation oxide 36 is etched
away until the etch stop layer 38 disposed on the top surface
of the STI region 30 is reached. As such, and an illustrated
FIG. 1, the isolation oxide 36 below the etch stop layer 38,
the etch stop layer 38 along sidewalls of the STI region 30,
and the body portion 34 form the isolation fin 24. With the
isolation fin 24 formed, the etch stop layer 38 and the pad
oxide 52 disposed over the top surface of the STI region and
the active fins is removed as shown in FIG. 18. Then, as
depicted in FIG. 19, gates 40 are formed over the active fins
22 and the isolation fin 24.

Referring now to FIG. 20, an embodiment of a detailed
process flow 60 used to form the embodiment FinFET 10, or
a variant thereof, is provided. The process flow 60 generally
augments the process steps illustrated in FIGS. 4-19. The
process flow 60 of FIG. 20 begins with an OD/Fin hardmask
definition, which ensures that all dummy and main fins are
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retained. Thereafter, an Si etching and an STI linear process
are performed. Next, spin-on-dielectric (SOD) filling and
curing process are performed. Continuing, the STI is sub-
jected to a CMP process whereby the pad nitride and pad
oxide are removed. Next, a sacrificial oxide is deposited and
a well implantation is performed.

After well formation, the fins are formed. With the fins
having been defined, a pad oxide is deposited and a fin-
number-cut definition using a single photolithography step is
performed. Next, the pad oxide is removed on the dummy
fin(s) and a silicon recess on the exposed dummy fin(s) is
performed. Then, the bottom layer (BL) remaining from the
photolithography step is removed.

Next, a silicon nitride layer is deposited to provide a CMP
stop. With the CMP stop in place, a FCVD deposition
process is performed to provide a layer of oxide, which is
then cured. Continuing, the oxide is subjected to a CMP and
an etch-back process. Once the etching has occurred, the
silicon nitride is removed along with the pad oxide. There-
after, the gate (or gate stack) and the source/drain regions are
formed.

Next, an isolation process is performed along the end-cut
direction. In other words, the line-end-cut is determined.
Then, a replacement gate process (RPG) is performed.
Thereafter, middle-end-of-line (MEOL) (e.g., salicide, MO,
MP) and a back-end-of-line (BEOL) (M1, VO, M2, V1, etc.)
processes are performed to provide the desired metallization
and interconnects in the device.

Referring now to FIGS. 21-22, a conventional FinFET 70
is depicted next to an embodiment FinFET 80 for compari-
son purposes. As shown, the isolation oxide 72 occupying
the space of the removed dummy fins in the conventional
FinFET 70 extends from the top surface of the device down
to the junction between the n-well and p-well. In contrast,
the isolation oxide 82 in the embodiment FinFET 80 is much
shorter because the dummy fins in the middle of the device
were not removed. Indeed, as noted above, the dummy fins
in the center of the embodiment FinFET 80 only had an
upper portion removed. In an embodiment, the isolation
depth of the isolation oxide 82 (represented by the arrow in
FIG. 22) may be about 30 nm. This is much less that the
isolation depth of the isolation oxide 72 (represented by the
arrow in FIG. 22), which is generally about 180 nm.

Referring now to FIG. 23A, a chart 90 illustrating the
leakage current relative to various junction offsets 92, 94,
96, as depicted in FIGS. 23B-23D, is provided. As shown,
if the embodiment FinFET is designed such that the n-well/
p-well interface occurs within the fin space region, then the
isolation efficiency is comparable to, or as good as, the
isolation efficiency of the conventional FinFET. Moreover,
even if the interface is inside the fin region, the leakage
current is smaller than the counterpart of the planar structure
with the same initial isolation depth (i.e., the junction is
inside a very narrow region, which is the benefit of the
FinFET structure).

Referring now to FIG. 24, a chart 100 illustrating the
leakage current relative to the offset distance is provided. As
shown, a deeper isolation trench generally corresponds to a
more efficient suppression of the reverse bias junction
leakage.

It should be recognized that additional processing steps
not pertinent to the inventive concept may have been omit-
ted from the overall fabrication process for brevity. For
example, a detailed explanation of the formation of source/
drain regions in the FinFET 10, the isolation along the
end-cut direction (or determination of the line-end-cut), the
middle end of line (MEOL) formation (Salicide/M0/MP),
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6

and the back end of line (BEOL) formation (M1/VO0) have
not been included. In addition, in practical applications
additional or intervening steps may be employed in forming
the FinFET 10.

From the foregoing, it should be recognized that the
embodiment FinFET 10 provides numerous advantages. For
example, the environment between fins, including the inner,
outer, and isolation fins, is equivalent. In addition, the
pattern density and the process environment for etching,
cleaning, and spin-on dielectric (SOD) curing are the same.
As alluded to above, there is little or no fin bending or
deformation of the outermost fins after spin-on dielectric
(SOD) curing, even with a higher process temperature. In
addition, electrical mismatches are reduced.

In addition, the above process provides for uniform fin
width between inner and outer fins after the etching and
cleaning steps. Moreover, the FInFET 10 has a more uniform
turn-on (better electrical characteristic) between inner and
outer fins. Further, the FinFET 10 has a simplified SPICE
model that does not need to model layout effect, which is
easier for circuit designers. Still further, the FinFET may be
fabricated with an improved yield. For example, pitch
variation is improved (well enclosure/space to fin, gate
polysilicon endcap spacing, source/drain epitaxy merger)
and the design rules are loosened (smaller layout area).

An embodiment fin field-effect transistor (FinFET)
includes an inner fin, and outer fin spaced apart from the
inner fin by a shallow trench isolation (STI) region, an
isolation fin spaced apart from the outer fin by the STI
region, the isolation fin including a body portion, an isola-
tion oxide, and an etch stop layer, the etch stop layer
interposed between the body portion and the isolation oxide
and between the STI region and the isolation oxide, and a
gate formed over the inner fin, the outer fin, and the isolation
fin.

An embodiment fin field-effect transistor (FinFET)
includes a first group of fins supported by a semiconductor
substrate and having a first doping type, the first group of
fins including a first outermost active fin disposed inwardly
of a first isolation fin, the first isolation fin including a first
portion of an etch stop layer extending along sidewalls and
a bottom surface of an isolation oxide supported by a first
body portion of the first isolation fin, a second group of fins
supported by the semiconductor substrate and having a
second doping type, the second group of fins including a
second outermost active fin disposed inwardly of a second
isolation fin, the second isolation fin including a second
portion of the etch stop layer extending along the sidewalls
and the bottom surface of the isolation oxide supported by
a second body portion of the second isolation fin, and a gate
formed over the first group of fins and the second group of
fins.

An embodiment method of forming a fin field-effect
transistor (FinFET) using an isolation last technique
includes removing a pad oxide layer from a fin extending
above a shallow trench isolation (STI) region, recessing the
fin to form a body portion within the STI region, removing
a hard mask protecting active fins adjacent to the body
portion, depositing an etch stop layer over the pad oxide
layer on the active fins, along sidewalls of the STI region
above the body portion, and on a top surface of the body
portion, depositing an isolation oxide over the etch stop
layer, planarizing the isolation oxide until reaching the etch
stop layer on a top surface of the active fins, etching away
the isolation oxide until reaching the etch stop layer dis-
posed on a top surface of the STI region, the isolation oxide
below the etch stop layer, the etch stop layer along sidewalls
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of the STI region, and the body portion forming an isolation
fin, removing the etch stop layer and the pad oxide layer
disposed over the top surface of the STI region and the
active fins, and forming a gate over the active fins and the
isolation fin.

While the disclosure provides illustrative embodiments,
this description is not intended to be construed in a limiting
sense. Various modifications and combinations of the illus-
trative embodiments, as well as other embodiments, will be
apparent to persons skilled in the art upon reference to the
description. It is therefore intended that the appended claims
encompass any such modifications or embodiments.

What is claimed is:

1. A fin field-effect transistor (FinFET), comprising:

a first well of a first conductivity type;

a second well of a second conductivity type, the first
conductivity type being different than the second con-
ductivity type, the first well and the second well form-
ing a p-n junction;

an inner fin;

an outer fin spaced apart from the inner fin by a first
shallow trench isolation (STI) region;

a first isolation fin spaced apart from the outer fin by a
second STT region, the first isolation fin including a first
body portion, a first isolation oxide over a top surface
of the first body portion, and a first etch stop layer, the
first etch stop layer interposed between the first body
portion and the first isolation oxide and between the
second STI region and the first isolation oxide, the first
isolation fin being interposed between the p-n junction
and the outer fin;

a second isolation fin spaced apart from the first isolation
fin by a third STI region, the second isolation fin
including a second body portion, a second isolation
oxide over the second body portion, and a second etch
stop layer, the second etch stop layer interposed
between the second body portion and the second iso-
lation oxide and between the third STI region and the
second isolation oxide, no active fin being interposed
between the first isolation fin and the second isolation
fin, the p-n junction being interposed between the first
isolation fin and the second isolation fin; and

a gate over the inner fin, the outer fin, the first isolation fin
and the second isolation fin.

2. The FinFET of claim 1, wherein the first etch stop layer
is disposed on sidewalls and a bottom surface of the first
isolation oxide.

3. The FinFET of claim 1, wherein the first etch stop layer
is disposed on sidewalls of the second STI region.

4. The FinFET of claim 1, wherein the first etch stop layer
is disposed on a top surface of the first body portion of the
first isolation fin.

5. The FinFET of claim 1, wherein a height of the first
isolation fin is less than a height of the outer fin.

6. The FinFET of claim 1, wherein a height of the first
isolation fin is less than a height of each of the inner fin and
the outer fin.

7. The FinFET of claim 1, wherein a top surface of the
first isolation oxide adjoins a bottom surface of the gate.

8. The FinFET of claim 1, wherein the inner fin and the
outer fin are disposed within an active region and the first
isolation fin is disposed outside the active region.

9. The FinFET of claim 1, wherein the first etch stop layer
comprises silicon nitride.

10. The FinFET of claim 1, wherein the second isolation
fin having a different doping type than the first isolation fin.
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11. The FinFET of claim 1, wherein the first STI region,
the second STI region and the third STI region are regions
of a single continuous STI.

12. A fin field-effect transistor (FinFET), comprising:

a first group of fins supported by a semiconductor sub-
strate and having a first doping type, the first group of
fins including a first outermost active fin and a first
isolation fin, the first isolation fin including a first etch
stop layer extending along sidewalls and a bottom
surface of a first isolation oxide supported by a first
body portion of the first isolation fin;

a second group of fins supported by the semiconductor
substrate and having a second doping type, the second
group of fins including a second outermost active fin
and a second isolation fin, the second isolation fin
including a second etch stop layer extending along
sidewalls and a bottom surface of a second isolation
oxide supported by a second body portion of the second
isolation fin, the first doping type being different than
the second doping type, no active fin being interposed
between the first isolation fin and the second isolation
fin; and

a gate over the first group of fins and the second group of
fins.

13. The FinFET of claim 12, wherein the first etch stop
layer and the second etch stop layer each extend along
sidewalls of a shallow trench isolation (STI) region disposed
horizontally adjacent to the first isolation oxide and the
second isolation oxide.

14. The FinFET of claim 13, wherein a top surface of the
first isolation fin, a top surface of the second isolation fin,
and a top surface of the STI region are co-planar.

15. The FinFET of claim 13, wherein the STI region
separates the first outermost active fin from the first isolation
fin and the second outermost active fin from the second
isolation fin.

16. The FinFET of claim 12, wherein the first isolation
oxide is encapsulated by the first etch stop layer and a
bottom surface of the gate, and the second isolation oxide is
encapsulated by the second etch stop layer and the bottom
surface of the gate.

17. A semiconductor device comprising:

an active fin in a first well in a substrate, the active fin
being a closest active fin in the first well to a p-n
junction;

an isolation fin on the substrate and adjacent to the active
fin, the isolation fin being interposed between the active
fin and the p-n junction, the isolation fin comprising an
etch stop layer over a body portion and an isolation
oxide over the etch stop layer;

a shallow trench isolation (STI) region over the substrate,
the STI region interposed between the active fin and the
isolation fin, the ST region and the isolation fin extend-
ing a first distance from the substrate; and

a gate over the active fin.

18. The semiconductor device of claim 17, wherein the
etch stop layer adjoins a sidewall and a bottom surface of the
isolation oxide, and wherein a bottom surface of the gate
adjoins a top surface of the isolation oxide.

19. The semiconductor device of claim 17, wherein the
active fin extends a second distance from the substrate, the
second distance being greater than the first distance.

20. The semiconductor device of claim 17, wherein the
etch stop layer comprises silicon nitride.
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